A long-term field experiment was conducted over a twenty year period to examine the effects of three different soil management regimes (Abandonment, Fallow and Cropping) and eight nutrient management regimes under Cropping on soil organic carbon (SOC), N and P levels, microbial biomass, and enzymatic activities related to C, N, and P cycling in a loess soil. The nutrient management regimes examined involved treatment with various combinations of inorganic nitrogen, phosphorus, and potassium fertilizers (N, NP, PK, and NPK), as well as combinations of NPK fertilizers with either residual plant material (SNPK) or manure (MN1PK and MN2PK). Abandonment resulted in greater levels of soil microbial biomass than did Cropping but similar levels of enzyme activity were observed under both regimes. The Fallow regime gave significantly lower soil organic carbon levels and enzyme activities than did Cropping. Within the Cropping system, the treatments containning nitrogen and phophorus significantly improved SOC, N and P levels and also increased microbial biomass and enzyme activity relative to the control. In general, the highest values of the tested soil parameters were observed under the M2NPK treatment. With the exception of invertase, the activity of all soil enzymes tested correlated significantly with SOC and microbial biomass. It was concluded that the use of fertilization regimes involving applying organic material in conjunction with NPK fertilizers should be encouraged in order to maintain or improve the chemical and biological properties of the tested loess soil and to thereby increase its productivity.
Introduction
The chemical and biochemical properties of soils have profound impacts on their quality and are highly sensitive to soil and crop management practices. Soil microorganisms are responsible for innumerable processes that occur in soils, and the soil microbial biomass is more sensitive than total organic carbon or nitrogen to changes in soil quality (Bolinder et al., 1999) . Soil enzymes, mainly produced by microorganisms, are the mediators and catalysts of biochemical processes that are important in soil Zhang et al. functioning, such as nutrient mineralization and cycling, the decomposition and formation of soil organic matter, and the decomposition of xenobiotics (i.e. pesticides) (Acosta-Martinez et al., 2007) . A number of studies have shown that soil microbial biomass and enzyme activity can be adjusted by making suitable changes to the applied soil and crop management regimes. Such changes might affect the application of organic manure and inorganic fertilizers (Adriano et al., 2012; Tamilseli et al., 2015) , the cropping system used (Böhme and Böhme, 2006) , tillage (Zhang et al., 2010) , or the use to which the land is put (Mganga et al., 2015) . Moreover, Caravaca et al. (2002) reported that in a semiarid Mediterranean environment, dehydrogenase, urease and phosphatase activities were more sensitive and responded more frequently to land use than did the soil's total organic carbon, water soluble carbon, or water-soluble carbohydrate contents. It has been suggested that soil enzyme activity, which accounts for the bulk of all soil microbial activity, may be more useful for comparing stresses across different soils and vegetation types than either total organic carbon or microbial biomass carbon (Caldwell et al., 1999) . Thus, data on enzyme activity can be used to monitor and describe changes in soil quality due to changes in land use or soil management practices and to understand soil ecosystem functioning.
Long-term experiments are useful for monitoring changes in soil quality induced by the adoption of new cropping systems, soil management practices, fertilizer usage patterns, or approaches to residue management, etc. It has been shown that the nature of the applied soil management regime can strongly affect soil chemical and biochemical properties, but also that such effects depend (inter alia) on the regional climate, soil type, and the intensity of management (Böhme and Böhme, 2006) .
However, few studies have compared the effects of cropland abandonment and the use of specific cropping systems on soil microbial biomass and enzyme activities (Caldwell et al., 1999; Liu et al., 2008) , although both approaches could potentially facilitate attempts to restore soil quality in targeted areas. A series of long-term experiments was initiated in China during the 1980s and early 1990s with the aim of monitoring the effects of different soil management regimes on soil fertility, crop productivity and fertilizer use efficiency. A variety of regimes based on both organic and inorganic nutrient sources were examined; one of them was similar to that typically used by local farmers. These experiments provided a rich body of data with which to evaluate the impact of soil management on soil quality parameters.
We hypothesized that the soil's chemical and biological properties would be dependent on the nature of the applied soil-and nutrient-management regime, which would consequently affect the productivity of the system. It was thus expected that it would be possible to optimize these soil parameters by abandoning cropland over a long period of time or subjecting it to balanced or imbalanced fertilization with or without the addition of organic material. In the study presented here, we evaluated these hypotheses using cropland plots on a loess soil that had been abandoned, left fallow, or subjected to an intensive wheat-maize cropping system with various nutrient regimes, for 20 years. across all plots, with low variability (C.V. ´ 6%, except for
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Olsen-P, 15%). The experimental site has a mean annual temperature of 13.0 °C, and mean annual precipitation of ca. 550 mm, which mainly falls from June to September.
The field experiment was previsously described in detail by Yang et al. (2012) . Three different soil management regimes were examined here. In the first, the plots were left fallow; no vegetation was grown, no fertilizer or manure was applied, and weeds were manually controlled (hoed) and plowed in on an annual basis during October; this regime is henceforth referred to as Fallow. In the second, the plots were abandoned, without any artificial perturbation;
plants were allowed to grow naturally, and so numerous species of herbaceous and a few arboreous plants thrived. Table   1 for details). was given the same quantities of P and K as the NPK plot but received only 30% as much N from inorganic fertilizers; the remainder was supplied in the form of organic manure. In the M2NPK treatment, the amounts of manure and inorganic N, P, and K applied during the winter wheat season were 50% greater than those applied in the M1NPK treatment. In the summer maize season, the M1NPK and M2NPK plots received the same quantities of N, P and K from inorganic fertilizers as were applied in the NPK treatment, and no organic manure was added. The C and N contents of the manure were about 26.45 % ± 7.82 (SD) and 1.32 % ± 0.91 (SD) by mass, respectively. The annual mean dry weight of organic manure applied was 13.7 t ± 7.2 and 20.6 t ± 10.8 (SD) in the M1NPK and M2NPK treatments, respectively, over the experimental years.
The mean annual inputs of N, P and K contributed by wheat straw or maize stalk were 40.1, 3.6 and 83.5 kg ha -1 , respectively. For the M1NPK plot, the amounts of P and K supplied by dairy manure were 130.0 and 200.0 kg ha -1 , respectively; for the M2NPK plot, the corresponding amounts were 210.0 and 315.0 kg ha
, respectively. Neither the N, P and K originating from straw/stalk nor the P and K from dairy manure are accounted for in the figures shown in Table 1 . All inorganic fertilizers and organic materials applied were incorporated into the soil to plowing depth (ca. 20 cm) before the winter wheat was sown and about one month after the planting of the maize. N was applied as urea, P as single super-phosphate, and K as potassium sulfate. Winter wheat was sown in
October and harvested in the following June; summer maize was planted and harvested about three months later, at the end of September or early in October.
The plots were irrigated with ground water once or twice during the winter wheat season and between two and four times annually during the summer maize season, as required; approximately 90 mm of water was applied on each occasion. All above-ground crop residues were removed after harvest unless otherwise specified. The fields were conventionally tilled.
Soil sampling and analyses
Soil samples (0-20 cm) were taken at the end of May 2010, one week before harvesting the winter wheat.
For each treatment, 30 soil cores with a diameter of 2.5 cm were taken randomly and combined in sets of 10 to form three composite samples for each treatment.
After carefully removing the surface organic materials and fine roots, each mixed soil sample was divided into two portions. One portion was air-dried for the estimation of soil chemical properties and enzymatic activity, and the other was passed through a 2 mm screen and stored at 4 °C in a plastic bag for microbial biomass analysis.
Soil pH was measured using a glass electrode in a 1:2.5 (w/w) suspension of air-dried soil in CO 2 -free distilled water. Soil organic carbon (SOC) was determined by potassium bichromate oxidationferrous sulfate titration (Niu, 1983) . Soil total N (TN) was assayed using the semi-micro Kjeldahl method after H 2 SO 4 digestion in the presence of a K 2 SO 4 -Biochemical properties of a loess soil CuSO 4 -Se catalyst (Bremner, 1996) . Total phosphorus (TP) was digested with HNO 3 -HF-HClO 3 (Emteryd, 2002) . The soil available phosphorus (AP, here defined in terms of Olsen P) in the samples was extracted with 0.5 M NaHCO 3 (pH 8.5). Phosphorus concentrations in the digests and extracts were determined by the procedure of Murphy and Riley (1962) . Microbial biomass carbon (MBC) and microbial biomass nitrogen (MBN) were estimated by comparing the levels of organic C and inorganic N in the potassium sulfate (K 2 SO 4 ) extracts of fumigated soils to those in unfumigated soil, as described by Wu et al. (1990) .
The MBC and MBN were calculated using a Phoenix 8000 organic C analyzer (Teledyne-Tekmar, Mason OH) for C determination and a flow injection analyzer for N determination; it was assumed that KEC = 0.45
and KEN = 0.54. Soil dehydrogenase activity, alkali phosphatase enzyme activities, invertase activity, and urease activity were measured using the methods of Guan (1986) .
One-way analysis of variance was then used to analyze between-treatment differences in the tested parameters. The least significant difference method (LSD) at the 5% probability level was used to test the significance of differences between treatment means.
All statistical analyses were performed using SPSS 12.0.1 for Windows.
Results
Soil chemical properties
The effects of soil management
The nature of the soil management regime applied over the 20 year experimental period was found to significantly influence the soil chemical properties ( Table 2 ). In contrast to the effects on SOC and TN, the C/N ratio did not differ greatly between the three soil management regimes.
The TP and AP levels were substantially lower under Fallow and Abandonment than under Cropping.
The effects of nutrient management under cropping
The cropping treatments that incorporated the application of inorganic fertilizers with or without organic materials (i.e. maize stalks or manure) exhibited significantly lower soil pH values than did the control (8.51) ( Table 2 ). The SOC levels for the CK, N, and PK treatments were all similar and significantly lower than those for the other treatments; the highest SOC levels were achieved with the MNPK treatments. However, the application of wheat or maize straw/stalk in conjunction with NPK fertilizers had no discernible effect on SOC levels relative to those observed with NPK alone. The effects of the different fertilizer treatments on TN levels were similar to those observed for SOC, although the TN content was markedly higher under N than under CK. All treatments gave rise to similar C/N ratios with the exception of MNPK, for which the C/N ratio was significantly lower than in the others. The TP and AP concentrations ranged from 0.65 to 1.93 g kg -1 and 3.5 to 377.2 mg kg -1 , respectively. The MNPK treatment gave substantially higher TP and AP concentrations than did the control; the lowest TP and AP concentrations were associated with treatments that had no added P (CK and N). The PK treatment, which did not involve the addition of an N-containing fertilizer, gave significantly higher soil TP levels than did the NP, NPK, or SNPK treatments. Note: In each column, numbers that are followed by different letters differed significantly between treatments at P < 0.05.
In general, the highest enzyme activities were observed under the M2NPK treatment, while the lowest were observed under CK, N, and PK (Table   3) . Thus, the dehydrogenase activity of the soil 
Grain yield
The mean grain yield for the wheat grown on the cropping plots during the 20-year experiment was significantly higher under the M2NPK treatment than the NP, PK, NK, N and CK treatments, and nonsignificantly higher than the yields obtained under the M1NPK, SNPK and NPK treatments (Table   4 ). The yield obtained under the NP treatment was similar to those for the M1NPK, SNPK and NPK treatments but significantly higher than those for the PK, NK, N and CK treatments, all of which were similar. There was no significant difference between the three treatments involving the application of organic fertilizer (i.e. SNPK and the two MNPK treatments). However, the yields under the MNPK treatments were significantly higher than those obtained using chemical fertilization alone, whereas that for the SNPK treatment did not differ significantly from those for the NPK or NP treatments (Table 4 ). In addition, the NPK and NP treatments gave significantly higher maize grain yields than the PK, NK, N and CK treatments. In sharp contrast to wheat, the maize grain yield was detectably higher under the NK treatment than under the N treatment and substantially greater under N than under PK or CK. The total yield (wheat plus maize) was significantly higher under M2NPK than under the treatments using chemical fertilizer alone or NPK combined with straw.
The M1NPK, SNPK, NPK and NP treatments all gave similar total yields, all of which were higher than those obtained under the PK, NK, N and CK treatments.
Correlations
Correlation studies revealed the existence of significant relationships between certain soil properties (Table 5 ).
There was no strong correlation between the soil pH Note: In each column, numbers that are followed by different letters differed significantly between treatments at P < 0.05. Note: * and ** indicate P < 0.05 and P < 0.01, respectively. SOC = Total soil organic carbon; TN = total soil nitrogen; AP = available phosphorous (Olsen P); MBC = Microbial biomass carbon; MBN = Microbial biomass nitrogen; DE = Dehydrogenase; Inv = Invertase; Ure = Urease; AkP = Alkaline Phosphatase).
Discussion
Soil management regimes
The nature of the applied soil management regime influences the soil biochemical properties because it affects the soil's nutrient inputs and the quantity and quality of plant residues entering the soil (Burns, 1978) . Under the Fallow regime, the soil received no inputs with the exception of some weeds that had taken root there prior to hoeing. Consequently, it exhibited the lowest concentrations of SOC, N and P (Table 2) of all the regimes considered; this depressed enzyme activity substantially (Table 3) . These findings are consistent with those of a previous study, in which it was found that compared to a control system, bare soil with no inputs exhibited reduced SOC and depressed enzymatic activity (Caldwell et al., 1999) .
However, we found that the soil microbial biomass (MBC and MBN) under the Fallow regime was similar to that under Cropping, which is inconsistent with the findings of previous studies (Caldwell et al., 1999; Witter and Kanal, 1998) . It is possible that this apparent contradiction stems from differences in soil moisture. The production of the high yields obtained under Cropping (Table 4) fungi (Wardle, 1992) . The Fallow soil management regime thus resulted in the depletion of soil nutrients, reducing soil quality and biological health.
Despite having been abandoned for 20 years after previously being used as cropland, the SOC and TN levels observed in the Abandonment plot were comparable to those observed under Cropping. In sharp contrast, however, the TP and AP levels were significantly lower under Abandonment than under
Cropping because of the lack of added P under the former regime; this suggests that the application of P is essential for improving or maintaining soil phosphorus fertility (Table 2) 
Nutrient management regimes for cropping systems
The availability of N and P was the primary limiting factor on the agricultural productivity of the investigated soils as measured by the obtained yields of wheat and maize (Table 4) . As compared to the control treatment (CK), the application of ).
The application of dairy manure in conjunction with NPK resulted in substantial increases in the levels of various soil nutrients and SOC but decreased the soil pH and the SOC/TN ratio. These findings are generally consistent with those of .
The pronounced increase in Olsen P levels under MNPK (242 and 377 mg kg -1 ) suggested that these management strategies may cause P overload and that the application of manure and chemical P fertilizer in the quantities used in this work could pose a risk to the environment. The application of manure also clearly increased the soil's MBC content and the ratio of MBC to SOC, and greatly stimulated enzyme activity relative to that observed under other treatments (Table 2 and 3) . Increases in the MBC content of soils following the application of manure have been reported previously (Malik et al., 2013; Tamilselvi et al., 2015) . The readily-metabolized carbon and N in manure is responsible for the observed increases in root biomass and root exudates under the MNPK treatments, both of which are attributable to greater crop growth (Table 4) . They are also key factors in the observed increase in microbial biomass. The MBC/SOC ratio is a good indicator of the efficiency with which organic C is transformed into microbial C and the losses of soil C during decomposition, and is considered to be a sensitive soil quality parameter that can be used to make comparisons between soils with different organic matter contents (Sparling 1992 , Biochemical properties of a loess soil 1997). Of the Cropping regimes examined in our study, the MNPK treatments gave the highest MBC/ SOC ratios, suggesting that the application of manure has a positive influence on the MBC/SOC ratio.
Similarly, the MNPK treatments also generated the highest enzyme activities observed in this work; this may be related to the high SOC and TN levels in the manure-treated soils, since soils' enzymatic activities are often correlated with their SOC and TN contents (Table 5 , Taylor et al. 2002) . Higher levels of SOC stimulate microbial activity and therefore enzyme synthesis. In addition, the higher organic matter levels in the MNPK treatments may provide a more favorable environment for the accumulation of enzymes in the soil matrix, since soil organic constituents are thought to be important in forming stable complexes with free enzymes (Marx et al. 2005) . The importance of SOC in nutrient cycling was demonstrated by the fact that both MBC and enzyme activity were found to correlate positively with SOC. Fertilization regimes involving the application of manure are therefore recommended for improving soil biological health and increasing crop productivity, provided that the quantity of organic manure applied can be tuned to minimize the potential environmental risks associated with these approaches.
Conclusions
The soil management regimes and fertilization practices for 20 years had significant effects on 
